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(57) Abstract 

The present invention provides an odour controlled waste water treatment system for sewage, domestic effluent and the 
like. The system (1) comprises a tank (2) having at least three processing chambers including a first chamber (3) for an aerobic 
treatment of the waste including therein a first head space (6) and an inlet (7) to receive the untreated waste, a second chamber (4) 
for aerobic treatment of the product from the first chamber (3) and including therein a . second head space (8), a third chamber (5) 
for sterilisation of the product of the second chamber and including therein a third head space (9), means to prevent back flow of 
liquid and gas from said second chamber to said first chamber, means (15) to admit air into said second head space, means (17 
and 18) to extract air from said second head space to generate and deliver ozone to the waste product in said third chamber, and 
means (40) to extract substantially deodorised gas from said third head space. 
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Title: "ODOUR CONTROLLED WASTE WATER TREATMENT SYSTEM" 

TECHNICAL FIELD 

The present invention relates to waste water 
treatment systems, where waste water will hereinafter be 
taken to include within its- meaning water combined with 
solid waste or particulate matter such as in the form of 
a slurry. 
BACKGROUND ART 

The invention has been developed primarily for use 
in the treatment of sewage and domestic effluent and 
will be described hereinafter with reference to this 
application. However, it will be appreciated that the 
invention is not limited to this particular field of use 
and is also suitable for treating industrial waste, 
storm water and effluent from farm animal enclosures, 
hotels and the like. 
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Current common domestic waste treatment comes in 
three forms: sewerage, septic or bio-organic. Sewerage 
is installed at domestic locations and connected to 
government controlled sewerage treatment and disposal 
systems which handle all water and waste outflow. 
Septic systems are connected to individual domestic 
structures where sewerage is not available, and are 
generally designed to handle single house units. These 
systems need to be pumped out on a regular basis and 
provide no form of recycling. Bio-organic systems are 
similar to septic systems except that the waste is 
treated organically and chemically and the resultant 
product may be used to irrigate an area of approved 
dimensions in a prescribed manner. 

The bio-organic systems are highly desirable in 
that they require less maintenance than septic systems 
and permit a degree of recycling of the waste. Whilst a 
number of bio-organic systems are currently available, 
these systems suffer from several inherent disadvantages . 

A first of these disadvantages is that although 
pump-out frequency is reduced over septic systems, this 
still needs to be done regularly due to the build up of 
sludge that accumulates with use. 

Another major disadvantage relates to the fact that 
the prior art systems do not contain any effective odour 
control mechanisms. This places a limitation on the 
proximity with which the units can be placed relative to 
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dwellings and the like, making the option of using such 
systems undesirable or even unacceptable in some 
situations. 

Also of considerable importance is the size and 
corresponding efficiency of the currently available 
systems which inhibits their use in many applications. 

Another disadvantage is that the majority of these 
bio-organic systems use chlorine as the final 
disinfectant. The chlorine product used contains a 
number of heavy metals and other products as stabilizing 
agents. Also, not all of the free chlorine is used in 
the sterilisation process. The end result is an output 
that has a high concentration of chemicals and compounds 
that are not environmentally friendly. 

It is an object of the. present invention to provide 
a waste water treatment system that overcomes or at 
least ameliorates one or more of the above discussed 
disadvantages of the prior art. 
DISCLOSURE OF THE INVENTION 

According to a first aspect of the invention there 
is provided an odour controlled waste water treatment 
system comprising, 

a tank having at least three processing chambers 
including, 

a first chamber for anaerobic treatment of the 
waste including therein a first head space and an inlet 
to receive said untreated waste, 
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a second chamber for aerobic treatment of the 
product from the first chamber and including therein a 
second head space, 

a third chamber for sterilisation of the product of 
the second chamber and including therein a third head 
space, 

means to prevent back flow of liquid and gas from 
said second chamber to said first chamber, 

means to admit air into said second head space, 

means to extract air from said second head space to 
generate and deliver ozone to the waste product in said 
third chamber, and 

means to extract substantially deodorised gas from 
said third head space. 

Preferably, back flow of liquid and gas from the 
second chamber to the first chamber is prevented by 
interconnecting these chambers by a submerged transfer 
passage and ensuring the pressure in the second head 
space is maintained at a level equal to or less than the 
pressure in the first head space. 

In one embodiment, this is achieved by admission of 
air via a first one-way valve to the first head space 
and selectively permitting egress of air from that first 
head space into the second head space via an 
intermediate second one-way valve. In this way 
extraction of air from the second chamber for use in the 
ozone generation, reduces the pressure in the second 
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head space, causing the second one-way valve to open and 
admit air from the first chamber. This one-way flow 
similarly causes a reduction in pressure in the first 
head space which causes additional replenishing air to 
be drawn into the first head space via the first one-way 
valve . 

It is further preferred that means are provided to 
deliver air to the waste product in the second chamber 
for aerobic treatment thereof, desirably said treatment 
air also being extracted at least in part from the 
second head space and/or the first headspace. 

In a preferred form the second chamber also 
includes separating baffle means to divide the second 
chamber into two separate first and second liquid/slurry 
sub- chambers to permit partial clarification of the 
waste by settlement, the second of said sub- chambers 
preferably including a bacteriological gravel filter. 

Desirably, the second and third chambers are also 
interconnected by means of a submerged transfer passage. 

It is preferred that the third chamber also 
includes separating baffle means to divide the third 
chamber into two separate third and fourth liquid/slurry 
sub- chambers to permit further clarification of the 
waste by settlement prior to extraction from the 
system. Preferably ozone is delivered to both 
sub- chambers of the third chamber. 

Desirably, waste water flow between the pairs of 
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liquid sub- chambers defined above is over, or through an 
upper portion of, each of said separating baffle means. 

Preferably, the deodorised gas extraction means 
also includes additional filtration means. 

Desirably, the treated waste is extracted from the 
fourth sub- chamber by means of a pump, air preferably 
being admitted to the third head space during pump out 
by bi-directional flow through the gas extraction means. 

According to a second aspect of the invention there 
is provided a waste water treatment system defining a 
waste water flow path therethrough, the system including 
a plurality of baffles spaced along all or a portion of 
said flow path to define a plurality of discrete 
chambers or sub- chambers, said chambers being serially 
inter- connected by transfer, ducts generally alternately 
located adjacent a lower portion and then an upper 
portion of each chamber so as to create a substantially 
sinusoidal flow of waste water through said discrete 
chambers along said portion of the flow path. 

Desirably, the baffle spacing and waste water flow 
rate are selected to ensure sufficient turbulence along 
said portion of the path to inhibit excessive deposition 
of sludge and substantially avoid stratification of 
bacteria type within the waste water travelling 
therethrough . 

Desirably, the first chamber of the preferred 
embodiment of the first aspect of the invention is 
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divided in accordance with the second aspect by means of 
spaced apart baffles into a plurality of serially 
interconnected sub- chambers wherein, more preferably, 
flow of said waste through said sub- chambers is 
substantially sinusoidal, passing over or through an 
upper portion of a first baffle and under or through a 
lower portion of the next baffle in a repetitive manner/ 
prior to passing into the second chamber. It is further 
desired that the flow through the remaining chambers and 
sub-chambers is also substantially sinusoidal. 

In a preferred embodiment the first, second and 
third chambers are vertically co-extensive and 
substantially co-axial, the first chamber being 
substantially annular and surrounding the second chamber 
which is similarly substantially annular and surrounding 
the substantially cylindrical third chamber. In this 
manner the flow is preferably circumf erentially 
sinusoidal in the first chamber and desirably also 
radially sinusoidal between the subsequent chambers and 
sub -chambers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Two preferred embodiments of the invention will now 
be described, by way of example only, with reference to 
the accompanying drawings in which: 

Figure 1 is a schematic sectional side view of a 
first preferred embodiment of the treatment system 
according to the invention, sectioned in a manner that 
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illustrates the flow paths intermediate the chambers and 
sub- chambers . 

Figure 2 is a schematic sectional plan view of the 
treatment system shown in Figure 1, similarly sectioned 
to illustrate the liquid flow paths intermediate the 
chambers and sub - chambers ; 

Figure 3 is a schematic sectional side view of the 
first chamber shown in the previous two Figures, 
illustrating the flow path therethrough in accordance 
with the second aspect of the invention; 

Figure 4 is a schematic sectional part side view of 
the treatment system shown in Figures 1 and 2 
illustrating the air/gas flow through the processing 
chambers ; 

Figure 5 is a schematic plan view of the system 
further illustrating the air/gas flow through processing 
chambers 3 and 4; 

Figure 6 is a schematic sectional side view of a 
second embodiment treatment system according to the 
invention specifically adapted for treating storm water 
or rivers and the like. 

Figure 7 is a schematic plan view of the inlet of 
the system shown in Figure 6; and 

Figure 8 is a schematic end view of the inlet of 
the system shown in Figure 6 . 
BEST MODE FOR CARRYING OUT THE INVENTION 

Referring first to Figures 1 to 5, the system 1 
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includes a tank 2 having three general processing 
chambers 3, 4 and 5 that are, in the preferred form 
illustrated, vertically co-extensive and substantially 
co-axial to define a series of nested annular chambers 
around a cylindrical core chamber. 

The first outer annular chamber 3 includes a first 
head space 6 and an inlet 7 to receive the untreated 
waste. The second chamber 4 similarly includes a second 
head space 8 and the third chamber 5 a corresponding 
third head space 9. 

The first and second chambers are interconnected 
for liquid/slurry transfer therebetween by means of a 
submerged transfer duct 10 provided in a lower portion 
of a cylindrical partition 11 that separates the two 
chambers. In Figures 1 and. 2 the lower transfer ducts 
are indicated by shaded arrows and the upper transfer 
ducts by solid arrows. 

Also connected to the first chamber is an air inlet 
13, the air inlet preferably including a first one-way 
valve 14 to prevent backflow of air through the inlet. 
Means to admit air to the second head space 8 is 
provided in the form of second one-way valve 15. This 
valve 15 is disposed in an upper portion of the 
partition 11 separating the first and second chambers 
and permits air flow from the first head space 6 to the 
second head space 8 . 

Connected to the second head space 8 by means of a 
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one-way intake 16, is an ozone generator 17, which 
includes means to deliver ozone to the waste in third 
chamber 5 in the form of two ozone diffusers 18. The 
diffusers may comprise a series of micro-venturis which 
minimise the size of the ozone bubbles thereby 
maximising the surface area available for sterilisation. 

In the preferred form, the duct connecting the two 
diffusers includes a one-way valve 18a to admit air to 
the duct to prevent syphoning of incompletely treated 
waste from sub-chamber 25 to final sub-chamber 26. A 
gate valve 18b is also provided in that duct such that 
delivery of ozone to final sub-chamber 26 is optional. 

The second and third chambers 4 and 5 are also 
interconnected for liquid/slurry transfer therebetween 
by means of one or more submerged passages 20 provided 
in a lower portion of a cylindrical partition 21 that 
separates the two chambers. 

The second and third chambers are each in this 
preferred embodiment divided into two distinct 
liquid/slurry sub-chambers. The second chamber 4 
includes a first annular sub-chamber 23 adjacent the 
first chamber 3 for aerobic treatment of the waste and a 
subsequent second annular sub- chamber 24 for treatment 
and clarification of the waste by bacteriological gravel 
filtration. 

Similarly, the third chamber 5 includes a third 
annular sub- chamber 25 adjacent the second sub- chamber 
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24 for clarification and/or sterilisation of the waste 
by settlement and/or ozone treatment and a fourth 
generally cylindrical sub-chamber 26 which may also 
include sterilisation by ozone treatment from which the 
final treated product is removed. Removal of the 
treated effluent is effected by means of a pump 27 
connected to an extraction pipe 28. 

The same extraction pump 27 is also used to deliver 
dissolved air to the first sub- chamber 23 for aerobic 
treatment of the waste therein. The pump 27 operates a 
vacuum venturi which causes air to be drawn in from the 
second head space 8 and/or the first head space 6 by 
means of an inlet arrangement 29 and delivered to the 
waste in sub- chamber 23 in micro bubbles formed via 
micro Venturis (not shown) .. The inlet 29 includes a 
gate valve 29a to optionally block entrainment of air 
from the first headspace 6. These micro bubbles also 
assist in separating the suspended solids by selective 
floatation of the small particles, a technique known as 
dissolved air flotation. The operation of this 
technique will be discussed in more detail at a later 
stage. 

The second and third chambers are preferably 
divided by respective cylindrical partition walls 30 and 
31 , waste flowing through transfer ducts 32 provided in 
an upper portion of or over walls 30 and 31 to transfer 
waste between adjacent sub- chambers . 
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The first annular chamber 3 is circumf erentially 
divided by means of radially extending baffles 35 into a 
plurality of serially interconnected sub- chambers 36 as 
shown schematically in Figures 2 and 3. The baffles are 
alternatively provided with transfer ducts 38 in an 
upper portion and transfer ducts 37 in a lower portion. 
Vent passages 39 are also provided in the upper portion 
of those alternate baffles having lower transfer ducts 
37. The direction of waste flow in this first chamber 
is thereby substantially sinusoidal in a circumferential 
direction. The direction of air/gas flow through 
chamber 3 is best shown in Figure 5 where double arrows 
indicate two-way flow and single arrows indicate the 
provision of one-way valves. 

The preferred embodiment has been modelled to 
achieve a flow rate compatible with allocating 
approximately 36% of the total treatment time to the 
anaerobic treatment process in chamber 3 . The terminal 
baffle contains an upper transfer duct to ensure that 
the second aerobic treatment chamber 4 is filled under 
the influence of gravity through the lower transfer 
ducts 10 in a similar manner to a plumbing "U"-bend. 
This lower transfer duct system maintains the gaseous 
separation of chamber 3 from chamber 4 contributing to 
the operation of the odour elimination cycle described 
later in more detail. Furthermore, the subsequent 
transfer through the upper duct formed by the gap above 
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wall 30 followed by transfer through the lower duct 20 
in wall 21 , then over dividing wall 31, results in a 
flow pattern in chambers 4 and 5 that is substantially 
sinusoidal in a generally radially inward direction. 

Turning finally to the centre chamber, an air 
outlet 40 is also connected with head space 9 that 
includes, in the preferred form shown, an in-line carbon 
filter unit 41. 

In use, sewage is directed via the inlet 7 into the 
first sub-chamber 36' of the processing chamber 3. Once 
this chamber is filled, the waste pours through a lower 
transfer duct 37 in the first baffle 35 and into the 
adjacent sub-chamber 36. Once more, as that sub-chamber 
fills, waste is passed through the upper transfer duct 
38 provided in the subsequent baffle 35. In another 
embodiment the waste may be transferred from the first 
sub-chamber 36 7 by first passing through an upper 
transfer duct rather than a lower duct. 

In this manner the sub -chambers 36 are 
progressively filled in an anti-clockwise direction as 
shown in Figure 2. The resulting sinusoidal flow 
through respective lower and upper transfer ducts 
provided in adjacent baffles results in sufficient 
turbulence to avoid stratification of the bacteria 
types, assists breakdown of solids by agitation and yet 
permits controlled progressive settlement of the 
contents. The system also provides sufficient residence 
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time for effective anaerobic digestion to occur by the 
various mechanisms well-known to those skilled in the 
art . 

The sinusoidal flow arrangement ensures that all 
the waste must traverse the full depth of its current 
sub- chamber before proceeding to the next, to assure a 
uniform waste quality at the beginning of each 
subsequent treatment stage. The upper transfer ducts 3 8 
act to clarify the waste by settlement of the solids, 
the size of particles transferred to the next 
sub- chamber being dependent on the current flow rate of 
the system. Larger particles are thereby retained in a 
sub- chamber for further breakdown such that the 
residence time is varied according to need. The lower 
transfer ducts 37 promote even sludge deposition and 
hence expose a greater surface area upon which bacteria 
can act. 

It should be noted that the embodiment illustrated 
is designed for the southern hemisphere and promotes 
anti- clockwise flow which is assisted by the coriolis 
effect. Alternate embodiments adapted for use in the 
northern hemisphere desirably promote rotation in a 
clockwise direction for the same reason. 

When the waste reaches the final sub- chamber 36 
adjacent the inlet, the waste transfers into the first 
sub-chamber 23 via the submerged passages 10 provided in 
the cylindrical partition 11 that separates the two main 
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chambers. A sludge return facility (not shown) is also 
provided that periodically returns sludge accumulations 
in the final sub- chamber 3S to the adjacent inlet 
chamber for re-digestion. 

The sub- chamber 23 is filled under gravity in a 
similar manner to a U-tube or plumbing U-bend. The 
pressure in the first and second head spaces is 
equalised by entraining air from the first head space 6 
through the second one-way valve 15 to the second head 
space 8 as air is withdrawn from the second head space 
to aerate sub-chamber 23 and ozone generator 17. This 
passage of air from the first head space to the second 
head space similarly causes reduced pressure in the 
first head space causing entrainment of additional fresh 
air through the one-way valve 14 of the air inlet 13. 

The waste product continues to fill the sub- chamber 
23 until it reaches a level whereby waste flows through 
upper transfer ducts 32 provided in the annular 
partition wall 30 and into the second sub-chamber 24. 
In this manner there is partial settlement of the waste 
in sub-chamber 23 with predominantly liquid waste 
passing through the upper transfer ducts 32 into 
sub-chamber 24. 

Sub- chamber 24 includes a bacteriological gravel 
filter which in a preferred form consists of "pebbles" 
which are largest at the bottom of the chamber and 
decrease in size towards the top of the chamber, the 
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waste coating the pebbles as the chamber fills. In 
other embodiments the filter may comprise pebbles of the 
same size or varying size that are randomly mixed. 
Detailed operation of this filter is discussed at a 
later stage. 

As sub- chamber 24 fills waste simultaneously begins 
to fill sub- chamber 25 by passing through the lower 
passages 20 provided in a lower portion of a partition 
wall 21 separating the two adjacent chambers. 

In the embodiment illustrated, ozone is admitted to 
the waste in sub- chambers 25 and 26 of chamber 5 by 
means of the ozone diffuser 18 comprising micro -Venturis 
connected with the ozone generator 17. 

The air intake 16 to the ozone generator 17 
extracts air from the second head space 8, thereby 
simultaneously deodorising the air and gas which is 
passed back into the waste in the form of ozone. 
Additional air can also be provided to the ozone 
generator from an external source 19 if required. The 
cylindrical partition wall 21 separating sub- chambers 24 
and 25, prevents ozone in sub-chamber 25 from 
contaminating the waste undergoing aerobic treatment in 
chambers 23 and 24 and thereby destroying the bacteria 
important to those aerobic digestion processes. 

It should be noted that the lower submerged 
passages 10 and 20 are disposed a spaced distance from 
the base of the tank 2 to allow partial settlement of 
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particulate matter before waste is transferred between 
chambers and to ensure that the passages do not become 
blocked by sludge build up. 

Finally, as sub-chambers 24 and 25 fill, further 
settlement occurs in chamber 25, with the fully treated 
waste then passing over partition wall 31 and into the 
final central cylindrical sub-chamber 26. The waste is 
then ozone treated again to ensure a residual ozone 
level in the final product at that time, to prevent 
viral or bacterial contamination of the water before it 
is pumped out. 

The treated waste is then withdrawn via pump 27 
through extraction pipe 28 for subsequent use in 
irrigation processes and the like, the short half-life 
of ozone ensuring that any -residual ozone in the final 
effluent decomposes to simple molecular oxygen on use. 
As the treated waste is withdrawn, pressure equalisation 
in the third chamber 5 is facilitated in one embodiment 
by the bi-directional gas flow capabilities of the vent 
system 40/41 which permits air to enter the third head 
space 9. 

This final sub- chamber 26 is provided with upper 
and lower water level sensors, the pump being actuated 
automatically once the higher level is reached and 
shutting off when the fluid level drops to the lower 
level . 

Finally, residual air or gas present in the third 
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head space 9 as a result of the ozone treatment within 
that chamber passes out through air outlet 4 0 through 
the in-line carbon filter unit 41. The filter acts as a 
final cleaning stage for the air which will have been in 
any event substantially purified and deodorised by being 
passed through the ozone generator 17, 

Operation of the anaerobic sinusoidal flow system, 
the aerobic treatment using the dissolved air floatation 
system and the bacteriological gravel filtration system 
will now each be discussed in more detail, commencing 
with the sinusoidal flow arrangement. 

Generally, for domestic type waste, a minimum of 
two days anaerobic treatment is required to achieve 
adequate digestion. However, it will be appreciated 
that total residence times and volumes etc will vary 
according to the application. 

It appears the optimal flow rate for chamber 3 of 
the tested domestic prototype unit requires a change 
over of inter-baffle contents 2 to 3 times in a 24 hour 
period. This is to maintain an adequate level of 
turbulence which is necessary for the reasons previously 
stated. Calculations for these flow rates were based on 
an average daily waste input of approximately 450 litres 
every 24 hour period from a household of 5 people. It 
follows that to achieve a flow rate within the required 
range the inter-baffle volume must be between 150 and 
225 litres. 
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Modelling of these baffle spacing requirements on a 
domestic scale prototype version of the system (based on 
a household of 5 people) which would have an approximate 
volume of 3,800 litres, remembering that the anaerobic 
process encompasses 36% of the total treatment time, 
means that a total number of 9 baffles would result in 
an inter-baffle volume of approximately 160 litres and a 
mean circumferential inter-baffle spacing of 
approximately 0,63 metres. This would result in a 
turnover of the inter-baffle contents approximately 2,8 
to 3 times in a 24 hour period. 

This number of baffles has been chosen (i.e. 9 as 
opposed to 7) to set the inter-baffle volume at the 
lower end of the appropriate range and consequently 
elevate the rate of inter-baffle turnover to provide an 
adequate environment for the anaerobic treatment process. 

Turning next to the aerobic treatment stage, the 
waste water treatment system of the preferred embodiment 
preferably utilises the dissolved air floatation system 
previously described in three of its five treatment 
chambers i.e. in the aerobic chamber 23 and the two 
ozonation chambers 25 and 26. 

The air is dissolved into the waste water via the 
Venturis so as to form micro air bubbles. These air 
bubbles attach to suspended solids in the water with 
which they come into contact. The number of air bubbles 
which attach to a particle depends on the surface area 
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of the particle, therefore, relative to mass, more 
bubbles attach to smaller particles - this is because 
smaller particles have a higher surface area to mass 
ratio than do larger particles. 

When a sufficient number of air bubbles have 
attached to a particle it floats to the surface of the 
water. This dissolved air flotation system results in a 
layer of "foam" forming on the surface of the treated 
water. This foam contains all the suspended solids 
which have been extracted from the waste water in a 
convenient form for subsequent breakdown. 

The preferred embodiment also utilises an 
intermittent aeration cycle to optimise the biological 
removal of phosphorus, ammonia and nitrates from the 
waste by providing periods of vigorous aeration followed 
by relative periods of anoxia. 

Finally, we consider in more detail the 
bacteriological gravel filter system preferably used in 
sub-chamber 24. 

Breakdown by certain bacteria types is inhibited by 
their inability to "trap" particles suspended in 
solution. Solids suspended in the contents of the 
aerobic chamber are taken out of solution by the 
dissolved air flotation system previously discussed. 
The foam which forms as a result of that system is then 
transferred to lie over the entrance to the gravel 
filter in sub- chamber 24. As the foam over the gravel 
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filter dissipates, the solid particles are allowed to 
fall back onto solution. The gravel filter then 
provides an optimal environment for waste breakdown by- 
bacteria which require a surface against which they can 
trap and breakdown suspended particles. 

To this end bacterial colonies become established, 
coating the surface of the pebbles, creating a 
"bio-slime". Particles suspended in solution collide 
with the surface of the pebbles becoming entrapped. In 
this environment the particles are exposed to 
concentrated bacterial digestion resulting in their 
breakdown . 

The bacteriological gravel filter of the household 
sized unit provides a surface area equivalent to 
approximately 5 acres providing an ideal environment for 
bacterial growth and entrapment. In addition the gravel 
filter also traps larger waste particles via the 
mechanism of a conventional filter system. It is 
unlikely that larger waste will manage to access this 
level of the system due to the sinusoidal flow system 
and the efficiency of the anaerobic and aerobic steps 
performed in chambers 3 and 23. However, if present, 
these larger particles are then subjected to prolonged 
bacterial exposure in the filter resulting in their 
breakdown . 

The preferred first embodiment described utilises a 
single pump to operate the aeration and ozone injection 



WO 94/07802 PCT/AU93/00519 

- 22 - 

systems and pump out the treated effluent making the 
overall design very cost efficient. Whilst it would be 
possible to have the same pump returning any sludge 
accumulation for re-digestion, the use of a small 
submersible pump for this purpose is preferred. 

The final treated product has a purity level that 
approaches that achieved by conventional tertiary 
processing and is well suited for irrigation purposes 
and it may also be possible to use the treated water for 
other household applications. 

An advantage of using ozone, other than enabling 
simultaneous deodorising of the system and being able to 
produce the sterilising agent in situ, is that unlike 
chlorine, the end product contains no residual heavy 
metals or other contaminants that may have been added as 
stabilisers . 

The effectiveness of the system is assisted, with 
regards to treatment of the liquid, by the substantially 
sinusoidal flow paths within the system. The resulting 
flow characteristics allow agitation to break down 
solids, repeated settlement to assist clarification of 
the waste and ensure adequate residence time for the 
various biological processes to occur. Furthermore, 
ozone is a very powerful sterilising agent that is very 
effective in disinfecting the waste. 

In terms of the air and gas flow through the 
system, it can be seen that air is discharged or vented 
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at one point only, having been entrained through the 
various processing stages including the ozone treatment, 
where it is substantially deodorised by the oxidation 
process that occurs therein. 

The preferred embodiment described is positively 
vented. More specifically air is induced into the 
system by negative pressure created by withdrawing air 
to feed the dissolved air injection system and ozone 
generator 17. The air is ultimately expelled under 
positive pressure after the final treatment stage by the 
passage of air and ozone through the treatment chambers 
causing the used deodorised air to vent through the 
final air outlet 40. 

A number of tests have been conducted on a 
prototype unit made in accordance with the preferred 
embodiment described that is treating domestic and 
industrial waste, the latest preliminary results of 
which are listed below. 

TEST 1 

PARAMETER RAW INFLUENT FINAL PRODUCT 



(07/09/93) (14/09/93) 
Ammonia (as N) tmg/1] 22 0.4 
B.O.D. (5) 250 6 
Phosphorous (total) [mg/1] 12 8.6 
Suspended Solids [mg/1] 180 8 
Total Kjeldahl Nitrogen [mg/1] 30 2 
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By way of comparison, samples taken from a 
conventional bio- organic system operating under optimal 
conditions and analysed by the same laboratories 
revealed Total Nitrogen of 10, Ammonia of 1.3 and 
Suspended Solids between 12 and 21. These results are 
significantly higher than those of the system according 
to the invention and directly reflect the superior 
aspects of the design and operation of the present 
system. 

Furthermore, the results tabulated above fall well 
within the limits set by the NSW Health Department for 
an aerated septic tank system i.e. 20 BOD, 30 Suspended 
Solids. 

In addition these latest results (with the 
exception of phosphorus) also meet the published 
licensing requirements, set by the Environmental 
Protection Authority, for the Quaker's Hill Tertiary 
Treatment Plant - this plant is acknowledged as having 
one of the more strict licenses due to the plants 
efficiency. The license states that: 

Suspended solids must be below 10 for 50% of the 
time and below 15 for 90% of the time. 

BOD must be below 10 for 50% of the time and below 
15 for 90% of the time. 

Phosphorus must be below 1.5 for 50% of the time 
and below 3 for 90% of the time. 
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Ammonia must be below 1 for 50% of the time and 
below 2 for 90% of the time. 

Total Nitrogen must be below 10 for 50% of the time 
and below 15 for 90% of the time. 

It is believed that the poor results obtained at 
this stage with regard to phosphorus are due partly to 
the high phosphorus content of the industrial influent 
component as compared to domestic waste. Improved 
results are being obtained, the general trend indicating 
that it will be possible to meet or exceed the licensing 
requirements above once operation of the system has been 
optimised. 

In other embodiments made in accordance with the 
first aspect of the invention, the number of fluid 
treatment sub-chambers varies according to the 
application. Similarly, ozone addition to the waste in 
sub- chamber 2 6 is merely optional. 

Referring next to Figures 6 to 8 there is shown an 
alternative embodiment made substantially in accordance 
with the second aspect of the invention that has been 
proposed for the treatment of river water and storm 
water and the like. Where possible, like reference 
numerals have been used to denote corresponding features. 

This simplified system uses the sinusoidal flow 
arrangement of the second aspect, as also illustrated in 
Figure 3, to remove particulate solids, in combination 
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with one or more ozone sterilisation stages. A mesh 
screen 50 is also preferably provided at the inlet in 
accordance with the usual practice as a filter to 
prevent flotsam entering the system. The inlet also 
desirably includes catchment bins 51 for collecting the 
debris diverted by the screen 50. 

The system also may include one or more gravel 
filtration stages such as shown at 52 depending on the 
degree of bacteriological digestion needed. Where the 
flow rates through the system are high, it may be 
preferable to put the gravel in chambers that have a 
lower in-feed duct (as shown) so that gravel is not 
washed through to the next chamber. 

In the embodiment illustrated, the water enters the 
inlet 7 , the flotsam being diverted to catchment bins 51 
by the screen 50. The water then passes through a 
series of interconnected chambers in a substantially 
sinusoidal manner as illustrated. Passage through the 
chamber in this manner will help clarify the waste and 
prevent stratification of bacteria type for effective 
subsequent treatment with ozone on discharge from the 
system and, optionally, at a point within the system as 
shown . 

At the first ozonation stage water from the 
adjacent down stream chamber is pumped to the previous 
chamber to induce the ozone via the preferred 
micro-venturi diffusers 18. The final treated effluent 
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is extracted via the pump 27 and ozonated on discharge. 
Where flow rates exceed the pump capacity, a one-way 
valve 53 permits discharge of the excess from the system. 

Another advantage of the system is that by using an 
integral ozone generator in both embodiments as a 
primary sterilisation process, it will require much less 
power to operate than many of the prior art systems, 
particularly if the ozone generator is solar powered. 

Another major advantage is that the effectiveness 
of the process means that the system will require less 
maintenance. It is anticipated that the first 
embodiment system according to the invention will 
require pumping out of residue much less often than was 
previously the case and may even be as infrequent as 
once every 7-10 years. Furthermore, there is no 
substantial floating scum build-up that requires removal 
as with the prior art systems as the majority of scum 
created is fully digested in the bacteriological gravel 
filtration stage. 

Whilst the invention has been described with 
reference to specific examples, it will be appreciated 
by those skilled in the art that the invention may be 
embodied in many other forms. 
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CLAIMS 

1. An odour controlled waste water treatment system 
comprising, 

a tank having at least three processing chambers 
including, 

a first chamber for anaerobic treatment of the 
waste including therein a first head space and an inlet 
to receive said untreated waste, 

a second chamber for aerobic treatment of the 
product from the first chamber and including therein a 
second head space, 

a third chamber for sterilisation of the product of 
the second chamber and including therein a third head 
space, 

means to prevent back flow of liquid and gas from 
said second chamber to said first chamber, 

means to admit air into said second head space, 

means to extract air from said second head space to 
generate and deliver ozone to the waste product in said 
third chamber, and 

means to extract substantially deodorised gas from 
said third head space. 

2. A system according to claim 1 wherein back flow of 
liquid and gas from the second chamber to the first 
chamber is prevented by interconnecting these chambers 
by a submerged liquid transfer passage and ensuring that 
the gaseous pressure in the second head space is 
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maintained at a level equal to or less than the pressure 
in the first head space. 

3 . A system according to claim 2 wherein the first 
head space includes a one-way valve for admitting 
external atmospheric air thereto, a second one-way valve 
being provided intermediate the first and second head 
space such that extraction of air from the second head 
space for use in the ozone generation reduces the 
pressure in the second head space causing the second 
one-way valve to open and admit air from the first 
chamber which in turn causes a reduction in pressure in 
the first head space which causes additional 
replenishing air to be drawn into the first head space 
via the first one-way valve. 

4. A system according to any one of the preceding 
claims including means to deliver air to the waste water 
in the second chamber for aerobic treatment thereof. 

5. A system according to claim 4 wherein at least a 
part of said treatment air is extracted from the second 
head space and/or the first headspace. 

6. A system according to claim 4 or claim 5 wherein 
the air is delivered to the waste in the form of micro 
bubbles by means of micro Venturis. 

7. A system according to any one of the preceding 
claims wherein the air is admitted to the second chamber 
intermittently to promote periods of vigorous aeration 
followed by periods of relative anoxia. 
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8. A system according to any of the preceding claims 
wherein the second chamber includes separating baffle 
means to divide the second chamber into two separate 
first and second liquid/slurry sub- chambers to permit 
partial clarification of the waste by settlement, 

9 . A system according to any one of the preceding 
claims wherein said second chamber or at least one of 
said sub- chambers in said second chamber includes a 
bacteriological gravel filter. 

10 . A system according to any one of the preceding 
claims wherein the second and third chambers are 
interconnected by means of at least one submerged 
transfer passage. 

11. A system according to any one of the preceding 
claims wherein the third chamber includes separating 
baffle means to divide the third chamber into two 
separate third and fourth liquid/slurry sub- chambers to 
permit further clarification of the waste by settlement. 

12. A system according to claim 11 wherein ozone is 
delivered to both the third and fourth sub- chambers of 
the third chamber. 

13 . A system according to any one of claims 8 or 9 and 
11 or 12 wherein the waste water flow between the 
respective pairs of liquid sub- chambers is over, or 
through an upper portion of, the respective separating 
baffle means. 

14. A system according to any one of the preceding 
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claims wherein the deodorised gas extraction means also 
includes additional filtration means. 

15. A system according to any one of the preceding 
claims wherein the treated waste water is extracted from 
the final treatment chamber of the third chamber by 
means of a pump. 

16. A system according to claim 15 wherein the treated 
liquid extraction pump is designed to also induce air to 
be used in the aeration and ozonation processes. 

17 . A system according to claim 15 or 16 wherein air is 
admitted to the third head space during pump out by 
bi-directional flow through the gas extraction means. 

18. A system according to any one of the preceding 
claims wherein the first chamber is divided, by means of 
spaced apart baffles into a- plurality of serially 
interconnected sub-chambers wherein flow of waste water 
through said sub- chambers is substantially sinusoidal, 
passing over or through an upper portion of a first 
baffle and under or through a lower portion of the next 
adjacent baffle in a repetitive manner. 

19. A system according to claim 18 wherein the baffle 
spacing and waste water flow rate are selected to ensure 
sufficient turbulence along said portion of the path to 
inhibit excessive deposition of sludge and substantially 
avoid stratification of bacteria type within the waste 
water travelling therethrough. 

20. A system according to claim 18 or claim 19 wherein 
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the flow rate through the first chamber is designed to 
achieve a change over of sub- chamber contents of two to 
three times in a twenty- four hour period. 

21. A system according to any one of the preceding 
claims wherein the residence time in the first anaerobic 
chamber is designed to be approximately 36% of the total 
treatment time. 

22. A system according to any one of the preceding 
claims wherein waste flow between said first chamber and 
subsequent chambers and sub- chambers also defines a 
generally sinusoidal flow path. 

23 . A system according to any one of the preceding 
claims wherein the first, second and third chambers are 
vertically co-extensive and substantially co-axial. 

24. A system according to claim 23 wherein the 
direction of flow through the first chamber is designed 
to be ant i- clockwise for use in the Southern hemisphere 
and clockwise for use in the Northern hemisphere. 

25. A system according to any one of the preceding 
claims wherein means are provided to return sludge 
accumulation in the first chamber adjacent the entry to 
the second chamber to the adjacent entry of the first 
chamber for re-processing. 

26. A waste water treatment system defining a waste 
water flow path therethrough, the system including a 
plurality of baffles spaced along all or a portion of 
said flow path to define a plurality of discrete 
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chambers or sub- chambers, said chambers being serially 
interconnected by transfer ducts generally alternately 
located adjacent a lower portion and then an upper 
portion of each chamber so as to create a substantially 
sinusoidal flow of waste water through said discrete 
chambers along said portion of the flow path. 
27. A system according to claim 26 wherein the baffle 
spacing and waste water flow rate are selected to ensure 
sufficient turbulence along said portion of the path to 
inhibit excessive deposition of sludge and substantially 
avoid stratification of bacteria type within the waste 
water travelling therethrough. 
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ELECTROLYSIS CELL FOR GENERATING arc tightened, there is a risk of tilting that results in inho- 

OZONE AND/OR OXYGEN mogeneous distribution of the applied pressure and thus to 

inhomogeneous current distribution. 

FIELD OF INVENTION 

The invention relates to an electrolysis cell for generating 5 SUMMARY OF THE INVENTION 

ozone and/or oxygen from superpure water with a solid The goal of the invention is to provide a simple economi- 

elcctroiyte membrane disposed in a multipartite housing. cal design for an electrolysis cell of the type according to the 

said membrane being in direct contact with electrodes species for producing ozone and/or oxygen, in which it is 

designed as porous structures, with the membrane separating possible with simple means to achieve a uniform pressure 

the cathode space from the anode space, and with a surface 10 for application of the electrodes against the solid electrolyte 

pressure acting on the membrane and on both electrodes. membrane and to permit a simple assembly of the clectroly- 

said pressure being generated by a pressure device acting on sis celL 

at least one of the electrodes. According to the invention this goal is achieved in an 

BACKGROUND OF THE INVENTION 15 ^ectrolysis ^11 according to the species by having the 

pressure device include a pressure screw equipped with a 
Electrolysis cells for generating ozone based on ion- convex head, said screw bemg arranged such that the convex 
exchange membranes in direct contact with electrodes said head is placed centrally directly on the cathode or anode and 
electrodes consisting of a porous material or coated forms an indentation in the cathode surface or anode surface 
therewith, are characterized by the ability to operate at high unto the influence of the applied pressure. Since the cam- 
current densities and hence high reaction rates. The ion- ode anode are made of a porous material, for example 
exchange membrane acting as the solid electrolyte mem- a ductile sintered material, for making ozone or oxygen, the 
brane simultaneously acts as a separator for the anode and convex head of the pressure screw can be forced into the 
cathode spaces and the electrolytes. Cells of this design have surface of the cathode or anode by exerting a pressure, 
been known for some time, with hydrated. perfluorinated resulting in the formation of an indentation, and as a result 
cation-exchange membranes being used, said membranes 0 f this indentation a very uniform pressure and very good 
exhibiting an electrochemical stability with respect to the contact with the cathode and anode can be produced, and a 
reducing or oxidizing effect of the electrodes (uncoated or very uniform pressure can be exerted through the cathode or 
coated Nafion 117 membrane, see Stucki lf Reaktion und anode on the membrane. In addition, angle errors in the 
Prozesstechnik der Membrel-WasserHektroiyse," Dechema pressure screw during application of pressure are compen- 
Monografien Verlag Chemie 94 (1983) 211). 30 sate4 ^ wclL A precondition for optimum exertion of a 
Mendon should also be made of the Handbook of Vfater uniform pressure by the cathode and/or anode on the mem- 
Purification second edition. Walter Lorch/Eilis Horwood brane is the central guidance of the pressure screw. With the 
Ltd. 1987. Pages 513 to 529, as well as the special issue of aid of the pressure screw according to the invention, a 
Suisse Chem 8 (1986) 10a; pages 3 1 to 33. "Funktionsweise 35 spherical central indentation is created, namely a dent in the 
und Einsatzgebiete eines elektrochemischen form of a concave spherical segment that permits very good 
Ozonerzeugers" by Bauman and Stucki (in English: In Situ contact and hence very good pressure transmission with 
Production of Ozone in Water Using a Membrel Electro- uniform distribution over a larger area. In particular, the 
lyzefofMrs. S. StuckL G. Theis, R. Kotz, H. Devantay and pressure transmitted by the pressure device, namely the 
H. J. Christen, published in Journal of the Electrochemical ^ pressure screw, is applied directly to the cathode and anode. 
Society. Volume 132, No. 2, February. 1985). Such cells can Advantageous embodiments of the electrolysis cell accord- 
be operated basically in media with a low electrical ing to the invention are included in the characterizing 
conductance, for example chemically pure water. The eiec- features of the subclaims. For economical manufacture of 
troche mi cal reactions on the electrodes during operation in the electrolysis celL it is proposed to assemble the housing 
superpurc water result in the formation of hydrogen and 45 of a central cell body with covers on both the anode side and 
oxygen; when special anode materials are used, a mixture of the cathode side. The covers are preferably made of a 
oxygen and ozone can be produced instead of pure oxygen. cozrosionproof nonconducting material, for example a suit- 
Electrolysis cells of this type require the porous and able ozone -resistant plastic, especially a polymer containing 
planar anode and cathode to be pressed against the surfaces fluorine, such as polyvinylidene fluoride (PVDF). peril uo- 
of the solid electrolyte membrane. The pressure applied to 50 roalcoxy (PFA), porytetrafluoroethylene copolymer (PTVE 
the membrane is therefore an important parameter for opti- copolymer), polyfluoroethylene propylene (PEP), or 
mum operation of the celL Thus the cell voltage and current ethylene-tetrafluoroethylene copolymer (ETFE). The hous- 
yield depend on the pressure applied. The pressure applied ing body can also be made of one of the above-mentioned 
must be as homogenous as possible over the entire surface ozone-resistant plastics. All housing parts made of plastic 
to achieve a uniform current distribution over the entire 55 can be produced by injecting molding for example, 
electrode surface. This is particularly problematical in eiec- It is also possible to make the central housing part. i.e. the 
trodes wife large surface areas, cell body, of metal, especially corrosionprcof and ozone- 
It is known that electrolysis cells of this kind can be resistant stainless steel. When the cell body is made of 
designed such that the pressure applied is transmitted to the stainless steel, the anode carrier is insulated from the cell 
cell housing by a circle of screws or tie rods. The pressure 50 body by insulating inserts, based for example on fluorinated 
exerted by the screws is distributed to the sealing surfaces of polymers, like those used for the covers, or tight ceramic 
the housing parts of the electrolysis cell to be connected materials. The metal cell body is then at cathode potential 
together and over the surface pressure of the electrodes with (minus pole). 

respect to the solid electrolyte membrane. For simple assembly, it is also proposed that the cell body 

In such designs, the electrodes must be manufactured with 65 be formed symmetrically with respect to its central axis, 

very low tolerances so that sealing and pressure functi ns having a through bore with shoulders expanding in stages 

can be fulfilled simultaneously. In addition, when the screws starting at the anode side and progressing to the cathode 



